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ABSTRACT 

We present a complete analysis, which includes morphology, kinematics, stellar populations and N- 
body simulations of CGCG 480-022, the most distant (cz = 14317 km s _1 ) isolated galaxy studied so far 
in such detail. The results all support the hypothesis that this galaxy has suffered a major merger event 
with a companion of ~ 0.1 times its mass. Morphology reveals the presence of a circumnuclear ring and 
possibly further ring debris. The radial velocity curve looks symmetrical, whilst the velocity dispersion 
increases with radius reaching values that do not correspond to a virialized system. Moreover, this 
galaxy deviates significantly from the Fundamental Plane and the Faber- Jackson relation. The stellar 
population analysis show that the ring is younger and more metal-rich, which suggest that it has 
undergone a fairly recent burst of star formation. Both morphological and dynamical results are in 
broad agreeement with our N-body simulations. 

Subject headings: galaxies: abundances — galaxies: individual (CGCG 480-022) — galaxies: inter- 
actions — galaxies: kinematics and dynamics — galaxies: structure — methods: 
N-body simulations 
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1. INTRODUCTION 

Elliptical galaxies located in very low density en- 
vironments are highly uncommon but hold important 
clues about galaxy formation and evolution. For ex- 
ample, current hierarchical models for galaxy forma- 
tion predict that ellipticals in low density environments 
have stellar populations which are y ounger by 1-2 Gyr 
than their cluster counterparts (e.g. iBaugh et al.lli998t 
iClemens et all200fil Ide Lucia et all2006jL In this frame- 
work, isolated ellipticals are thought to be formed in 
mergers of galaxy pairs or small grou ps of galaxies 
(|.Iones et all 1200(1 iD'Onghia et al.l l20Q5f). In the first 
case, the mergers will give rise to kinematical misalign- 
ments whilst, in the second, they will produce an increas- 
ing amplitude of rotation with galacto centric radius, and 
also rotation around the minor axis i|Weil fc Hernauistl 
1996). 

Detailed studies involving morphology, kinematics 
and/or stellar populations of isolated ellipticals have 
bee n restricted to nearb y galaxies (cz<10000 km s _1 ; 
e.g. iCollobert et aLll2006|) . In this paper, we perform an 
exhaustive analysis of CGCG 480-022 (cz=14317km s" 1 ), 
which includes morphological, kinematical, stellar popu- 
lation and N-body simulation properties. We present 
evidence supporting the hypothesis that this galaxy suf- 
fered a major merger event. 

We adopt a cosmological model with Ho=71 km s" 1 
Mpc" 1 , fi ro =0.3 and fl A =0.7. 

2. OBSERVATIONS AND DATA REDUCTION 

Optical and near-IR images were extracted from the 
DSS and 2MASS catalogues, respectively. 

Spectroscopy was obtained with the DOLORES spec- 
trograph on the 3.5m TNG telescope at La Palma (Spain) 
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on October 3, 2005. We used the medium-resolution MR- 
B#2 grism, in the wavelength range AA3500-7000 A, and 
a l.l"x50" slit. The dispersion was 1.7 A/pix with an 
instrumental resolution of 8 A (FWHM). We obtained 
10x30 minute exposures, interspersed with He+Ar arc- 
lamp spectra, flux and radial velocity standards in the 
same instrumental setup. The seeing was 1.1". 

Data reduction was performed using standard IRAF 
packages. Once wavelength and flux calibrated, the spec- 
tra were extracted in the spatial direction coadding 4 
pixels to reach the seeing size, or mor e if necessary to 
reach S/N>30 (see iCardiel et al.lll99ll . Following this 
procedure, we obtained 13 bins out to r=±0.8 R cr f • 

3. ANALYSIS AND RESULTS 

3.1. Morphology 

To determine morphological and photometric parame- 
ters we used the code described in (Truiillo et alJ (2001) 
on K-band and optical images. Table presents, for 
each morphological parameter, the average value ob- 
tained from both bands. Figure shows the K-band 
image while Figure \T]p shows the optical image with the 
spectrograph slit overplotted. According to our morpho- 
logical parameters, and its optical appearance, CGCG 
480-022 seems to be a typical elliptical galaxy. However, 
when inspecting the K-band image, we detect possible 
tidal tails or ring debris. In order to search for the ex- 
istence of more subestruct ures, we performed a 2D fit of 
the galaxy using GALFIT i|Peng et al.ll2002|) with those 
parameters listed in Table Figures ^ an d El show 
the residuals obtained when subtracting 2D models from 
each image in K-band and optical, respectively. In both 
cases we clearly observe a well-defined ring at r~5 arcsec, 
yielding to a rippled s tructure sim ilar to the shells found 
in other galaxies (e.g. lQuirmlll984lK Residuals in K-band 
are compatible with b-r color contours overplotted on 
Figure nj:. 

3.2. Kinematics 
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The radial velocity for each bin was determined by 
cross-correlating the observed spectrum with a set of 
representative synthetic single st e llar p opulation spec- 
tra, from the model oflVazdekisI l)1999j) . This method 
is described in Bottcma l)1988h . following the paper of 
iTonrv fc Davisl l|1979|) . The measured V T values are rep- 
resented versus radius in Figure^- Surprisingly, V T de- 
creases with galactocentric distance at both sides of the 
centre, out of 250 km s _1 at r~3 arcsec. We also see a 
relative increase of 100 km s _1 where the ring is located. 
Note that the plotted region represents 0.8i? o ff. 

To measure the veloc ity dispersion, a, we followed 
the method described in lDavies et alJ l)1993|) . Figure [2t> 
shows a vs. radius. We observe that, within the er- 
rors, regions outside the ring present an almost constant 
cr^400 km s _1 while the inner parts look more ordered, 
i.e. a decreases, reaching 250 km s _1 in the centre. A 
similar profile ha s been found for the isolated massive 
galaxy NGC 1700 l)BergmanrJl2002|) . 

3.3. N-body Simulations 

To aid our understanding of these results we have per- 
formed N-body simulations. Our numerical models simu- 
lated a merger between two elliptical galaxies with a mass 
ratio of 10:1 and 5:1, and the fly-by of a dwarf galaxy 
about a massive elliptical. As initial condit ions f or our 
experiments we used: i) isotropic spherical J^5y (1983) 
models for the elliptical galaxies, and ii) a IKind (1966) 
model for the dw arf galaxy, with a halo modeled with an 
Evans model. See lGonzalez-Garcia fc van Albadal l)2005f) 
for further details of this model and initial conditions for 
the elliptical galaxies, and Kuiikcn & Dubinski ( 1995) for 
the dwarf galaxy model. 

We used the tree-code GADGET1.1 (jSpringel et all 
1200 1|) employing 10 5 particles for each model. Low mass 
Jaffe models are scaled down homologous systems as the 
model with mass 1 and with 10 or 5 times fewer particles. 
Parabolic grazing orbits are employed for the merger sim- 
ulations while a hyperbolic encounter is used for the fly- 
by experiment. Energy was well conserved, with errors 
well below 0.1%. 

The material originally belonging to the small galaxy in 
the 5:1 merger finally lies on a fat disk- like distribution, 
while that of the 10:1 merger produces a torus-like body. 
The fly-by encounter produces shells and ripples in the 
inner parts of the giant galaxy from particles belonging 
to the satellite; however no ring or disk is produced in 
this encounter. 

We have obtained a broad estimate of the mass ra- 
tio between our target galaxy and a possible companion. 
If we consider the merger as an inelastic collision, then 
the whole kinetic energy of the satellite will be trans- 
formed into 'thermal' energy of the stars of the main 
galaxy. This process will create a velocity dispersion, 

er, given by |mti s 2 at = iM(T 2 ^f =(^) , where v SQt is 
the relative velocity of the satellite with respect to the 
main galaxy, and M (m) the mass of the central (satel- 
lite) galaxy. Considering that they are field galaxies, the 
proper motion should be of the order of w so t~10 3 km s -1 , 
while er^300 km s _1 . Then, we find |^~10. Moreover, 
of the models explored, the E+E 10:1 merger is the one 
with properties closer to those reported for CGCG 480- 
022. FigureUHpresents the particle distribution of the 10:1 



system. A ring is clearly observable at a galactocentric 
distance comparable to that detected in CGCG 480-022. 
The global kinematics as seen from the same point of 
view are given in Figure |3| The velocity curve presents 
a drop as we move to larger radii, in agreement with 
the observations, but the velocity dispersion presents a 
general declining profile, contrary to what is observed. 

3.4. Stellar Populations 

The stellar population analysi s was performed follow- 
ing the prescriptions described in lCarretero et all |2004) . 
To derive mean luminosity-weighted ages and metallic- 
ities, we compared selected absorpti on line st r ength s 
with those predicted by the model of iVazdeklsl |l999). 
This model provides flux-calibrated spectra in the opti- 
cal range at a resolution of 1.8 A (FWHM) for single- 
burst stellar populations. This way, we can transform 
synthetic spectra to the resolution and dispersion of the 
galaxy spectrum. Plots of the strength s of selected in- 
dices (Mg 2 and Fe4383: IWorthev et aljfl994|) versus H/3 
provide close to orthogonal model grids, allowing an ac- 
curate estimation of galaxy mean age and abundances 
of the different elements. We have determined mean 
ages and relative abundances [Mg/H] and [Fe/H] at each 
galactocentric distance, computing their radial gradients. 

Figure 0] presents the ages and abundances for each 
element with respect to the central values, versus the 
radial distance. If we exclude those regions within 
3<|r|<6 arcsec, we observe clear gradients for both 
ages and abundances, with the age increasing to- 
wards outer regions and abundances decreasing through- 
out the galactic radius. This result is in agree- 
ment with severa l studies involving gradients in ellip- 
tical galaxies (e.g.lDavies et al.lll993t iFisher et alJll995t 
iKobavashi fc Arimotdl 1999(1 . 

When considering the region 3<|r|<6 arcsec, where 
the ring is located, we observe a decrease in age with re- 
spect to the surrounding regions, associated with a bump 
in metallicity. This suggests the occurrence of a star for- 
mation burst coupled with the presence of the ring. 

4. DISCUSSION 

The morphological, kinematical, N-body simulations 
and stellar population analysis all suggest that CGCG 
480-022 could have experienced a major merger event 
with an alleged companion. In this section, we will focus 
on the evidences provided by each approach. 

Morphology. The residuals obtained when substract- 
ing a 2D model from the images show, in all bands, the 
presence of a ring of r^5 arcsec. This ring, together with 
outer streams of material appearing in K-band images, 
could trace the propagating sound-wa ves produced by a 
merger (e.g. iHernauist fc Quinnlll987|) more likely than 
by the ac tion of tidal interacti ons or asy mmetric star for- 
matio n 4 (|Colbert et all 1200 ll) . In fact. IMalin fc Carted 
( 1983) found that morphological peculiarities, such as 
shells or ripples, occur roughly 5 times more frequently 
in environme nts outside of r i ch clu sters. This result was 
confirmed by iColbert et alJ l)2001j) who concluded that 
shells are much more prevalent in isolated galaxies than 

4 Even though we found a star formation burst in the ring, which 
would be induced by the passing wave; i.e. the varying SF history 
should be the effect of the ring structure, not the cause. 
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in group gala xies. Note that the ROS AT X-ray image 
of the galaxy l)Zimmermann et alJl200lh shows two sym- 
metric lobes in the N-S direction. 

Kinematics. The most intriguing of our results con- 
cerns the kinematics of the galaxy. First, within the er- 
rors, we find a constant cr~400 km s _1 which decreases in 
the interior of the ring. A similar pattern has been found 
in ot her isolated massive galaxy (NGC1700; Bcrgmann 
2002). However, such high a does not correspond to a 
virialized system but, in a merger scenario, the intrinsic 
velocity dispersion should be affected by the collision, 
yielding higher values of a. Second, the radial veloc- 
ity curve looks symmetrical. Furthermore, both a and 
V T values bump at the position where the ring is lo- 
cated, i.e. 3<|r|<6 arcsec. As an additional test, we 
checked whether CG CG 480-022 follows or not the Fun- 
damental Plane (TP: iDiorgovski fc Dayislll987|) and the 
Faber- Jack son llFaber fc Jackson! 119761) . the Kormendy 
l|Kormendvlll977fl and the Mso-a fTerlevich et "alii 198 II) 
relations. We consider ed these rela t ions i n the near-IR, 
with data taken from iPahre et alJ (|1998T> . CGCG 480- 
022 deviates 3c from the FP, 6er from the Faber- Jackson 
relation and 4cr from the Mg 2 -cr relation; but just 0.2cr 
from the Kormendy relation. Our galaxy is an outlier in 
those relations involving the velocity dispersion, in the 
sense that it should be lower if it corresponds to the in- 
trinsic velocity dispersion of a virialized system. Thus, a 
major event affecting the dynamics of this galaxy must 
have occurred. A similar explanation could be proposed 
for the V T curve, which does not correspond to a rotating 
system. In order to disentangle the kinematical pecu- 
liarities found in this galaxy, future 2D-spectroscopy will 
be extremely helpful, specially to check if our derived 
kinematics depend on the slit direction. 

N-body simulations. The N-body experiments per- 
formed suggest that a possible formation mechanism is 
a merger between two elliptical galaxies with a mass ra- 
tio near 10:1, and meeting each other on a grazing orbit. 
In such an encounter the smaller system spirals inwards 
while the merger is proceeding finally into a torus-like 
structure. Such torus as seen face-on resembles a ring 
and the kinematics imposed to the overall field would 
present a discontinuity. A significant success for this 
model is that it reproduces without fine tuning the veloc- 
ity profile observed in CGCG 480-022. The central zones 
moves with a larger velocity than the zones at increas- 
ing galactocentric distances, with respect to the systemic 
velocity of the galaxy, and there are secondary maxima 
at the radial location of the ring in both directions from 
the center. The range of values of the velocity disper- 
sion predicted by the model is commensurate with that 
observed, but the decline in value as the center is ap- 
proached is not reproduced. A reasonable explanation 
for this is that more ordered motion near the galaxy cen- 
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ter could result from an inner disk within the ring radius. 
The present merger simulation has not, for simplicity, in- 
cluded the prese nce of gas, but mer ger models which do 
include gas (e.g. lBarnes et aLll200 2) show a tendency for 
the gas to fall towards the center of the galaxy and form 
a disk. Also, more detailed N-body+SPH simulations in- 
cluding star formation and feedback processes will help 
to better understand the central kinematics of the sys- 
tem. 

Stellar populations. Following our merger hypothesis, 
there should be a star formation burst in the ring due 
to the passing sound-wave. Therefore, the stars in the 
ring should be younger and more metal-rich than those 
within inner regions, as we found. Given that we know 
the geometry of the ring, we can broadly estimate the 
crossing time of the sound-wave through the position of 
the ring, under the following assumptions: i) the sound 
speed is constant throughout the whole system, and ii) 
the system behaves as an ideal gas. Then, the mean 
pressure of a system of particles with a given velocity 
dispersion, er, is p=^pa 2 . The propagation velocity of 
the perturbation corresponds to the sound speed, c s , as 
c^^^icr^Cs^lSO km s -1 . Considering that the ring 
radius is ^5 arcsec, then the ellapsed time since the 
formation of the perturbation is t(s)=4.8x 10 _6 D/c s , 
where D is the distance to the galaxy in km. Therefore, 
t should be the stellar age difference between the ring 
and the centre. Given that D=6.2xl0 23 km, then 
i=5.3 Gyr, which is in good agreement with our stellar 
population results (see Figure^). Even though approxi- 
mative, these numbers do support the merger hypothesis. 

A question we would like to pose is why the most dis- 
tant isolated elliptical galaxy so far studied in such de- 
tail looks so peculiar. To confirm the results presented 
here and probe the origin of this system, deep 2D spec- 
troscopy is strongly needed. We also note that CGCG 
480-022 is not a completely isolated galaxy but has one 
confirm ed companion at a distance of 0.25 Mpc: PGC 
003298 l|Beers et al.lll983|) . The DSS image of this galaxy 
shows an elongated shape in the direction of CGCG 480- 
022, whilst J- and K-band 2MASS images present some 
tail-like structures. Will PGC 003298 be the next to 
merge? 
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TABLE 1 

Determined properties of CGCG 480-022 
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Fig. 1. — Morphology analysis. Panels (a) and (b) show the actual images of CGCG 480-022 in the K-band and optical, respectively. 
Panels (c) and (d) present the residuals when subtracting a 2D model of the galaxy from the images using GALFIT. In both cases, a ring 
of r~5 arcsec is clearly visible. It is noteworthy that some tail-like structures appear in the outer regions of panel (a). Contours in panel 
(c) correspond to b-r color values. The spectrograph slit is overplotted on panel (b). 
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Fig. 2. — Kinematical results. Top: Radial velocity relative to the central value versus radius. Note that the symmetric shape does not 
correspond to a typical rotation curve. Middle: Velocity dispersion versus radius. 
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Fig. 3. — N-body results. Left: Material from the smaller system in the 10:1 merger remnant (for clarity, the large galaxy component is 
not shown). Note the presence of a well-defined ring at a galactocentric radius similar to that of the observed ring. Right: Kinematics for 
all the visible material of the merged system. Solid, dashed-dotted and dotted lines correspond to the system at 2, 2.1 and 5 Gyr after the 
merger, respectively. Right-top: Radial velocity relative to the central value versus radius. Right- bottom: Velocity dispersion versus radius. 
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Fig. 4. — Results of the stellar population analysis. The plots show the values of the estimated ages and abundances of individual elements, 
relative to the centre. Expected radial gradients for both ages and metallicities are obtained if we exclude the region 3<|r|<6 arcsec. At 
radial distances corresponding to the position of the ring, stellar population analysis indicates the presence of a recent star formation burst, 
with younger and more-metal rich stars. 



